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DECONTAMINATION OF MEDICAL EQUIPMENT 

This invention relates to the decontamination or 
disinfection of medical equipment such as endoscopes 
5 and other healthcare equipment including bedpans. 

Medical devices and in particular endoscopes have 
historically been disinfected by either heat or 
chemicals. Current disinfection of endoscopes is 
carried out by two methods; one a cold process, and 
10 the other a heated process. 

i) Cold Process 

This is normally used when the endoscopes 
cannot be disinfected by using heat, i.e. 

15 most flexible endoscopes. The endoscopes 

are manually cleaned and then put into a 
washer disinfector for an automatic process. 
This process gives the scopes a pre-wash, a 
wash with a disinfectant, and a final rinse 

20 with water. The disinfectant wash allows a 

contact time dependent on the manufacturer 
of the disinfectant, e.g. Cidex (Johnson and 
Johnson) , Nu- Cidex (Johnson and Johnson) , 
Gigasept (Schule and Mayer) . 

25 

Cold processing allows a batch of 
disinfectant to be re-used, the number of 
cycles dependent on the washer disinfector 
and the level of dilution taking place. 
3 0 Once this number of cycles is completed, the 

batch of disinfectant is dumped to waste and 
the machine re-charged with a fresh bash. 



35 



ii) Hot Process 

Some endoscopes (mainly rigid ones) can be 
processed in a normal sterilising autoclave 
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at 120-130°C. For endoscopes such as 
flexible ones tzhat cannot withstand this 
temperature, there are a range of washer 
disinfectors that disinfect by heating to a 
5 lower temperature of 50-55'*C. 

This process gives the scopes a pre -wash, a 
heated wash with a small amount of 
disinfectant, and then a final rinse with 

0 water. The heated wash takes a small amount 

of concentrated disinfectant, and by heating 
to 50-55 '^C causes the chemical to vaporise 
and thus provide the efficiency required. 
This process normally uses gluteraldehyde as 

5 the disinfectant, and the small amount used 

each time is a single use. This process 
tends to have longer cycle times than cold 
processing. 



0 The heated process is more prevalent in 

Europe, while cold processing is utilised in 
the UK and US. 



The method of the invention also provides an 

5 alternative to the use of steam. 

Ozonated water is widely used to kill bacteria. 
However, when generating and dissolving ozone in water 
it is usual to expect levels of under 1 ppm. We have 
found that we are not able to disinfect medical 

0 devices to the required standard or within an 

acceptable time period using such levels of ozone 
concentration. Effective disinfection can only be 
achieved with a precise combination of flow over and 
through the device, ozone levels, and time. 

5 The criteria for disinfection of the endoscopes 

have been developed by Dr. J Babb of the Hospital 
Infection Research Laboratory (HIRL) at City Hospital 
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NHS Trust, Birmingham, as described later and is key- 
to the validation of the process. The process 
fulfils the HIRL test criteria for endoscope washer 
disinf ectors, i.e. mean log^p reduction >6 (99.9999%) 
5 with no individual reduction <5 (see Appendix 3) . 
Although external validation of the process can be 
undertaken, it is impractical to \indertake on a daily 
basis. Within the process we have been able to 
measure the ozone levels at the inlet and outlet of 

10 the process- This has allowed us to calculate how 
long the process needs to run to give the required 
disinfection. As ozone concentration is depleted on 
contact with bacteria, if the inlet and outlet levels 
are identical there is minimal bacteria remaining. As 

15 bacteria levels have to be very low to validate the 
unit for a predetermined time after equilibrium is 
reached . 

Thus this invention relates to ozonated water as 
a substitute for the traditional chemical method of 
20 disinfection. Although the development and validation 
has been undertaken on endoscopes, the process and 
technology is relevant to many medical devices. 

This invention provides a method of cleaning 
medical equipment comprising the steps of flowing 
25 filtered water over surfaces of the equipment to be 
cleaned for a predetermined time followed by flowing 
ozonated water containing a predetermined 
concentration of ozone over said surfaces of the 
equipment for a predetermined time to disinfect the 
30 surfaces. 

Preferably the ozonated water is de-ionized prior 
to ozonating to the predetermined concentration. 

In one method according to the invention the de- 
ionized water is obtained from a supply of de-ionized 
35 water. 

Alternatively the water is de-ionized by 
ozonating the water to remove free ions in the water 
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following which ozone is added to the predetermined 

concentration . 

In any of the above methods a surfactant is added 

to the ozonated water and the predetermined 
5 concentration of the water is reduced to a selected 

lower level . 

Also in any of the above methods the flow of 

filtered water may be obtained from tap water. 

In the case where the medical equipment has 
10 internal throughways and external surfaces to be 

cleaned, said filtered water and ozonated water may be 

caused to flow through the internal surfaces and are 

flowed or sprayed on the external surfaces to 

disinfect the external surfaces. 
15 The invention also provides an apparatus for 

cleaning medical equipment comprising a supply of 

filtered water, a supply of ozonated water containing 

a predetermined concentration of water and means for 

delivering first a flow of filtered water over the 
20 surfaces of the equipment to be cleaned for a 

predetermined time followed by a flow of ozonated 

water over said surfaces for a predetermined time to 

disinfect the surfaces 

The following is a description of some specific 
25 embodiments of the invention, reference being made to 

the accompanying drawings in which: 

Figure 1 is a schematic diagram showing an 

apparatus for carrying out decontamination of medical 

equipment such as endoscopes; 
30 Figure 2 is a more detailed view of an apparatus 

for producing ozone gas using a proton exchange 

membrane cell; 

Figure 3 is a more detailed view of the proton 

exchange membrane cell of Figure 2; 
35 Figure 4 is a diagrammatic illustration of the 

key factors in controlling the decontamination 

process ; and 
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Figures 5 to 9 are graphical illustrations 
plotting log kill of bacteria against the 
concentration of ozone in the ozonated water in parts 
per million for different water/de-ionized 
5 water/filtered water and surfactant combinations. 
Figure 1 shows a unit based around an 
electrochemical generator stack 10, where Hydrogen (H) 
and Ozone (0^) are generated. The stack is fed by a 
dedicated de- ionised water supply 11 at a pressure of 

10 one bar, to maintain the integrity and efficiency of 

the cells and the long-term quality of the feed water. 
Power for the stack is supplied from a variable DC 
supply (not shown) . There is also a battery back-up 
system (not shown) to support the cell in the event of 

15 a power failure. Hydrogen gas is re-absorbed and/or 
catalytically converted. 

Figure 2 shows a proton exchange membrane ozone 
generation system and Figure 3 shows the ozone 
generation cell in more detail. 

20 Ozone is supplied under pressure to a contactor 

12 containing 25-50 litres of filtered water via a 
diffuser block. This allows the ozone gas to bubble 
into the water to produce a high concentration 
solution (typically at least 4 ppm, for example 6+ppm 

25 and possibly up to 15ppm) . The level of water in the 
contactor is controlled and filled through solenoid 
valves, the operations being initiated by a micro- 
processor operated control unit 13 through software 
instructions. Ozone concentration levels are 

3 0 constantly monitored to ensure correct values. ^ 

Any excess ozone off-gas is collected at the top 
of the contactor and passed to a destruct column, 
where it is processed through an absorber. When 
operating at full capacity the cell produces 

35 perceptible heat, and so water used in the cell for 
electrolysing is cooled with a heat exchanger and 
refrigeration plant. 
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Cycle 

The initial work allowed us to achieve a log 6 
kill (i.e. disinfection). We have developed the 
5 process by utilising the mechanical removal of the 
water flow (at 2.21/min) initially with unozonated 
water, followed by ozonated water. This minimises the 
requirement for ozonated water and thus the size of 
the ozone generator. A number of trials were 
10 undertaken and an optimised cycle was developed of 10 
minutes unozonated water and 6 minutes ozonated water. 
With this cycle and work on the water quality we have 
achieved a high level disinfection (i.e. log 9 or 
total kill on Pseudonomas aeruginosa) . This work also 
15 indicated that 15ppm was important. 
Water Quality 

We have undertaken a number of trials to 
establish if water quality could adversely effect or 
improve the kill. We believed that de-ionised water 
20 would put less burden on the ozonated water and 

therefore make the ozonated water more effective. 
Four different water qualities were considered: 

a) de-ionised filtered water; 

b) filtered tap water; 

25 c) de-ionised filtered ozonated water; 

d) filtered ozonated tap water. 
What we found was that: 

a) it is unimportant what quality of water is 
used in the initial rinse section of the process; 
30 b) if de-ionised water is used rather than tap 

water for the final ozonated water section the results 
will be improved; 

c) if the tap water is ozonated for a prolonged 
period prior to being used it can be made to react in 

35 a similar way to de- ionised water. This is a 
variation on b) . 
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Surfactcint Use 

Recent work has indicated that we can get very 
good results by adding a small amount of Fa iry Liq uij 
(the surfactant) into the ozonated water. 



We have run a short cycle (6 minutes unozonated + 
6 minutes ozonated) at a much reduced ozone level 
(5ppm) . In both tests when using a surfactant in the 
ozonated water the kill was total. In one of the two 
10 tests injecting in the rinse water, the kill was 
total . 

To disinfect effectively an endoscope, ozonated 
water needs to be pumped through all the internal 
channels of the scope at a flow rate and concentration 
15 level sufficient to kill organisms that may remain 
after a manual clean has taken place. The water is 
supplied at ambient temperature but could be pre- 
heated up to 40 °C to accelerate the disinfection 
process if required. In our testing we have found 
0 these to be concentration level of at least 4ppm, 

preferably about 6ppm and not more than 15ppm, and a 
flow rate that equates to 2.2 1/min. These parameters 
need to be applied for a minimum period of 10 minutes 
and a maximum of 15 minutes to ensure all internal 
5 channels of a normal endoscope have been disinfected. 

In addition rinse water and ozonated water may also be 
flowed over the outer surface of the endoscopes to 
disinfect these as well. 

Ozonated water is supplied from the contactor to 
0 a supply pump 14 having connectors 15 for coupling to 
the individual endoscope channels 16. Spent ozonated 
water is directed to waste via the distal end of the 
endoscope 19. Alternatively the spend ozonated water 
could be recirculated to the contactor for re- 
ts ozontation. 

Kill Rate Optimisation Programme 
Cycle combination of: 
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a) de-ionised water (DIFW) 

b) filtered water (FW) 

c) de-ionised filtered ozonated water (DIFOW) 
5 d) filtered ozonated water (POW) 

Cycle: 

1) 5 min DIFW + 6 min DIFOW 

2) 5 min FW + 6 min FOW 

3) 5 min DIFW + 10 min DIFOW 
10 4) 5 min FW + 10 min FOW 

5) 10 min DIFW + 6 min DIFOW 

6) 10 min FW + 6 min FOW 

7) 10 min DIFW + 10 min DIFOW 

8) 10 min FW + 10 min FOW 
15 9) 10 min FW + 10 min DIFOW 

10) 10 min FW + 6 min DIFOW 

11) 10 min FW + 10 min FOW (with 20 min delay) 
Key factors: 

a) di water required for ozonation; 

2 0 b) 15ppm dissolved ozone required; 

c) high water flow; 

d) combination of flows. 
Observations : 

a) temperature not critical (up to 21°C) ; 

25 b) water quality not critical . 

Machine to only require water, electricity and 
drainage to operate. 

Operator interface to be via touch screen. 
30 Automatic setting of scope parameters scope by 

tagging reader system. 

Machine to be totally PLC controlled with: 

a) data storage of previous 500 cycles; 

b) downloading facility to PC or Internet; 
35 c) full monitoring system i.e. all cell 

voltages ; 

d) remote monitoring or fault finding down 
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telephone line; 

e) mult i -layer password protection. 



single pass system of liquids. 
5 Rinse water will be tap water. Ozonated may be 

de- ionised. 

May use vertical hanging of scopes. 
Advantages of the PEM System 

a) high concentration of ozone generated 
10 quickly (eg: 18% wt/wt - and higher) 

b) small footprint for equipment 

c) pure ozone generated (ie. no impurities) 



15 



Alternatively a common discharge technique may be 
used for creating the ozone supply in place of the 
ozone generator. 
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CLAIMS : 

1. A method of cleaning medical equipment comprising 
the steps of flowing filtered water over surfaces of 
5 the equipment to be cleaned for a predetermined time 
followed by flowing ozonated water containing a 
predetermined concentration of ozone over said 
surfaces of the equipment for a predetermined time to 
disinfect the surfaces. 

10 

2- A method as claimed in claim 1, wherein the 
ozonated water is de- ionized prior to ozonating to the 
predetermined concentration. 

15 3. A method as claimed in claim 2, wherein the de- 
ionized water is obtained from a supply of de-ionized 
water. 

4 . A method as claimed in claim 2 , wherein the water 

2 0 is de- ionized by ozonating the water to remove free 

ions in the water following which ozone is added to 
the predetermined concentration. 

5 . A method as claimed in any of the preceding 

25 claims, wherein a surfactant is added to the ozonated 
water and the predetermined concentration of the water 
is reduced to a selected lower level. 

6 . A method as claimed in any of the preceding 

3 0 claims, wherein the flow of filtered water is obtained 

from tap water. 

7- A method as claimed in any of the preceding 
claims, wherein the medical equipment has internal 
35 throughways and external surfaces to be cleaned 

wherein said filtered water and ozonated water are 
caused to flow through the internal surfaces and are 
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flowed or sprayed on the external surfaces to 
disinfect the external surfaces. 



8. An apparatus for cleaning medical equipment 

5 comprising a supply of filtered water, a supply of 
ozonated water containing a predetermined 
concentration of water and means for delivering first 
a flow of filtered water over the surfaces of the 
equipment to be cleaned for a predetermined time 
10 followed by a flow of ozonated water over said 

surfaces for a predetermined time to disinfect the 
surfaces. 

9. An apparatus as claimed in claim 8 where means 
15 are provided for de- ionizing the ozonated water prior 

to ozonating the water to said predetermined 
concentration . 

10. An apparatus as claimed in claim 9, wherein means 

2 0 are provided for supplying ozone to the water to de- 

ionize the water prior to adding ozone to ozonate the 
water to said predetermined concentration. 

11. An apparatus as claimed in any of claims 8 to 10, 
25 wherein means are provided for adding a surfactant to 

the supply of ozonated water and said means for 
ozonating the water are arranged to ozonate the water 
to a selected lower level. 

3 0 12. An apparatus as claimed in any of claims 8 to 11, 

wherein means are provided for supplying tap water for 
use in the cleaning process and means are provided for 
filtering the tap water to provide said supply of 
filtered water. 

35 

13. An apparatus as claimed in any of claims 8 to 12, 
wherein said means for delivering said filtered water 
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and said ozonated water to the medical equipment 
comprises means for delivering said filtered water and 
said ozonated water to both internal and external 
surfaces of the equipment. 
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